The Macroeconomics of Targeting: The Case of an Enduring Epidemic * What is the right balance among policy interventions in order to ensure economic growth over the long run when an epidemic causes heavy mortality among young adults? We argue that, in general, policies to combat the disease and promote education must be concentrated, in certain ways, on some subgroups of society, at first to the partial exclusion of others. This concentration involves what we term the macroeconomics of targeting. The central comparison is then between programs under which supported families enjoy the benefits of spending on health and education simultaneously (DT), and those under which the benefits in these two domains are sequenced (ST). When levels of human capital are uniformly low at the outbreak, DT is superior to ST if the subsequent mortality rate exceeds some threshold value. Outside aid makes DT more attractive; but DT restricts support to fewer families initially and so increases inequality.
Introduction
Heavy mortality among young adults is a formidable obstacle to long-term economic growth.
The investments in them are destroyed before they have had much time to pay off, and the transmission of knowledge and abilities from one generation to the next is weakened, perhaps fatally. A widespread epidemic of AIDS, which will carry off large numbers of young adults over a long stretch of time, poses a very real danger. Bell, Devarajan and Gersbach (2003) , for example, show that the AIDS epidemic in South Africa may seriously hinder growth in that country, and that the threat of an economic collapse cannot be ruled out.
The object of this paper is to analyze how this threat can be best averted by interventions in the domains of health and education. The instruments available for this purpose are (i) measures to contain the disease and treat the infected, (ii) helping needy families and orphans, in the form of income-support or subsidies contingent on school attendance, and (iii) taxes to finance the expenditure program. The central policy problem is to find the right balance among these interventions in order to ensure economic growth over the long run without the emergence of excessive inequality.
We employ the overlapping generations (OLG) model model of Bell, Devarajan and Gersbach (2003) , in which human capital formation is influenced by premature adult mortality in a disease-ridden environment. Parents have preferences over current consumption and the level of human capital attained by their children. The decision regarding how much to invest in education is influenced by the level of premature adult mortality in two ways: first, a family's lifetime income depends on the adults' health status, and second, the expected pay-off depends on the level of premature mortality among the children themselves when they attain adulthood, as subjectively estimated by their parents. The outbreak of an epidemic such as AIDS leads to an increase in such mortality, and if the prevalence of the disease becomes sufficiently high, a progressive collapse of human capital and productivity may follow -if the economy was already growing. If, however, levels of human capital were uniformly low, the problems of overcoming this condition of backwardness will be exacerbated.
2
The rise in mortality can be checked, to some extent at least, by spending on measures to combat the epidemic, and its effects can be mitigated by providing support to those who fall sick and their families. By killing off mainly young adults, however, AIDS also undermines the tax base. As a result, the state's finances will come under increasing pressure from both sides, even as the demand for expenditures on the needy continues to grow.
In this dismal state of affairs, policy-making involves tough and ethically contentious choices.
In examining them, we make the central assumption that fiscal resources are insufficient to support all needy families, a sadly valid assumption in the context of HIV/AIDS in most developing countries. We therefore investigate how public spending should be allocated between education and health, and whether and how spending should be concentrated on subgroups within the population, when the goal is to ensure long-term economic growth. Our main results are as follows. Our first claim is that, apart from treating and caring for the infected, policies to combat the disease and support education must be concentrated on subgroups of the society in order to ensure that human capital and per capita income increase at the highest possible rate. Spreading support evenly across the whole society will not necessarily help to combat the disease, nor will it foster human capital accumulation. Second, we characterize the conditions under which DT is preferred to ST. As a rule, we establish that DT is superior to ST if the mortality rate exceeds some threshold value. Moreover, outside aid makes DT more attractive relative to ST. The intuition is that, in the presence of high prevalence rates, a targeted group of needy families must be protected against infection while receiving sufficient educational support in order to enable their offspring to avoid poverty in adulthood. The dramatic implication of such a DT-policy is that the share of families receiving support is small, and thus leads to higher inequality, at least temporarily.
There is a growing literature on the long-run economic consequences of AIDS, many aspects of which are discussed in various contributions in Haacker (2004 who employs a Solovian framework, arrives at the conclusion that these effects are small, if not actually positive. Such controversy aside, the present paper is complementary to a large literature on the microeconomic and public finance aspects of targeting in anti-poverty programs (see, for example, the discussion in Galasso and Ravallion [2005] ), inasmuch as it deals with the macroeconomic aspects of targeting education and health policy.
The paper is organized as follows. In section 2, we lay out the model and discuss its dynamical behavior. This includes the possibility that a sudden rise in premature adult mortality will set off a progressive slide into a poverty trap, and so introduces the policy problem in section 3. The goal here is to bring about long-term economic growth in a society which is in a state of general economic backwardness, with low levels of human capital, when the epidemic breaks out, this being the most challenging constellation of initial conditions. The policy instruments are discussed in detail, drawing a careful distinction between spending on health to produce a private as opposed to a public good. We assume that restricted lump-sum taxes are possible, and that subsidies can be made conditional on a household's state. In section 4, we compare ST and DT, a comparison which leads to our main results. Section 5 provides a concluding discussion.
2 The Model
We employ the OLG model of Bell, Devarajan and Gersbach (2003), which we summarize in this section. There are two periods of life, childhood and adulthood. Each generation consists of a continuum of households, which has measure N t at the start of period t when the children raised in period t − 1 have just entered adulthood. The initial population of households is normalized to N 0 = 1, and is thus identical to the interval [0, 1]. On becoming adults, individuals form unions, start families and have children. Each couple has n t children, 1 so that N t+1 = N t · n t /2. Shortly thereafter, the adults learn whether they will die prematurely as a consequence of HIV/AIDS, and so leave their children as half-or full orphans. Early in each generation of adults, therefore, all nuclear families are sorted into one of the following four categories: both parents survive into old age, the father dies prematurely, the mother dies prematurely, both parents die prematurely. These states are denoted by s t ∈ S t := {1, 2, 3, 4}, respectively. The probability that a family formed at the start of period t lands in category s t is denoted by π t (s t ). 2 Once their states have been revealed, families make their decisions accordingly, as will be described below.
Consider a family at the start of period t. We assume assortative mating and denote the father's and mother's endowments of human capital by λ t . When the family is revealed to be in state s t , the adults' total human capital is therefore given by
Human capital is assumed to be formed by a process of child-rearing combined with formal education. In the course of rearing their children, parents give them a certain capacity to build human capital for adulthood, a capacity which itself depends on the parents' own human capital. This gift will be of little use, however, unless it is complemented by at least some formal education. Let the proportion of childhood devoted to education be denoted by e t ∈ [0, 1], the residual being allocated to work, and for simplicity, let all the children in a family be treated in the same way. The human capital attained by each of the children on reaching adulthood is assumed to depend on their education and their parents' human capital as follows:
where the term z(s t ) represents the strength with which capacity is transmitted across generations. For simplicity, we assume that the father's and mother's contributions are perfect
Thus, the upper branch of (2) can be rewritten as
since both types of single-parent families are identical in this respect. This permits one to drop the state s t = 3 in much of the following. The function f (·) represents the educational technology -translating time spent on education into learning. f (·) is assumed to be strictly increasing and differentiable, with f (0) = 0. Observe that eq. (2) and f (0) = 0 imply that children who do not attend school at all attain, as adults, only some basic level of human capital, which has been normalized to unity. A whole society of such adults will be said to be in a state of economic backwardness.
According to the lower branch of (2), there is a miserable outcome for full orphans. Being left to their own devices, they go through childhood uneducated, to attain human capital ξ (≤ 1) in adulthood. For convenience, we set ξ = 1.
Output takes the form of an aggregate consumption good. We assume its level is proportional to inputs of labor measured in efficiency units. A natural normalization is that an adult who possesses human capital in the amount λ t is endowed with λ t efficiency units of labor, which he or she supplies completely inelastically. Let a child supply (1 − e t )γ efficiency units of labor when the child works 1 − e t units of time, where γ ∈ (0, 1), i.e., a full-time working child is less productive than an uneducated adult. A family with n t children therefore has a 6 total income in state s t of
where the scalar α (> 0) denotes the productivity of human capital, measured in units of output.
The Household's Behavior
It is assumed that all allocative decisions lie in the parents' hands, as long as they are alive.
We rule out any bequests at death, so that the whole current income, as given by (4), is consumed. Within the family, let the husband and wife enjoy equality as partners, and let each child obtain a fraction β ∈ (0, 1) of an adult's consumption if at least one adult survives.
Full orphans (s t = 4) do not attend school, and consume what they produce as child laborers.
The household's budget constraint is therefore written as
where c t is the level of each adult's consumption. The expression on the LHS represents the costs of consumption and the opportunity costs of the children's schooling. The expression on the RHS is the family's so-called full income 3 in state s t = 1, 2. Observe that singleparent households not only have lower levels of full income than their otherwise identical two-parent counterparts, but that they also face a higher relative price of education, which is
Couples have children while they are young until some exogenously fixed number have survived infancy, a target that may vary from period to period. With n t thus fixed, the adults wait until the state of the family becomes known, and the survivor(s) then choose some feasible bundle (c t , e t ) subject to (5).
Parents are assumed to have preferences over their own current consumption and the human capital attained by their children in adulthood, taking into account the fact that an investment in a child's education will be wholly wasted if that child dies prematurely in adulthood.
Let mothers and fathers have identical preferences, and for two-parent households, let there be no 'joint' aspect to the consumption of the bundle (c t , e t ): each surviving adult derives (expected) utility from the pair chosen in this way, and these utilities are then added up within the family. In effect, whereas c t is a private good, the human capital of the children in adulthood is a public good within the marriage.
Since all the children attain λ t+1 , the only form of uncertainty at the time of decision surrounds the number who will die prematurely as adults. Denote by π e t+1 (s t+1 ) the parents' subjective probability that a child will find itself in state s t+1 in period t + 1, with 4 s t+1 =1 π e t+1 (s t+1 ) = 1. Throughout the paper, we assume perfect foresight from t = 0 onwards, so that π e t+1 (s t+1 ) = π t+1 (s t+1 ). Denoting by p t the probability that an adult will survive into old age, and noting that we have implicitly assumed that there are equal numbers of male and female children, we obtain
The expected number of children born in period t who will survive into old age in period t + 1 is p t+1 n t .
Let preferences be separable, with representation
Observe that the contribution ν(λ t+1 ) counts only when a grown child does not suffer an untimely death. The sub-utility functions u(·) and v(·) are assumed to be increasing, continuous, concave and twice-differentiable. The argument λ t+1 is given by the upper branch of (2) . Observing that p t+1 = 1 (and π t+1 (1) = 1) if there is no premature adult mortality, and that p t+1 < 1 otherwise, it is seen that a reduction in p t+1 effectively entails a weaker preference for the children's education. It will be convenient to rewrite (7) as
A family in state s t (= 1, 2) in period t solves the following problem:
Let [c 0 t (s t ), e 0 t (s t )] solve problem (9), whose parameters are (α, β, γ, λ t , n t , s t , p t+1 ). If both goods are non-inferior, it follows at once that:
Inspection of eq. (8) reveals that an increase in p t+1 induces an increase in e 0 t (s t ) if e 0 t (s t ) ∈ (0, 1), and preserves e 0 t (s t ) = 1; for it increases the weight on ν(λ t+1 ) relative to that on u(c t (s t )). An increase in p t+1 therefore has the opposite effect on c 0 t (s t ).
The remaining comparative static results concern the effect of family status in the present on investment in, and the accumulation of, human capital. Note that the upper boundaries of the budget sets in the case s t = 2 lie strictly inside that associated with s t = 1 and that the price of c t relative to e t is lower for s t = 2 than for s t = 1. We then obtain e 0
To close this account of the household's behaviour, we introduce the central assumption that altruism is not operative when the adults are insufficiently educated, i.e., there exist some ∆ > 0 such that e 0 t (1) = 0 for all Λ t (1) ≤ 2 + ∆ and for all admissible p t+1 . This also yields e 0 t (2) = e 0 t (3) = 0 as a trivial corollary.
Dynamics
Recalling that e 0 t (s t ) is chosen so as to solve problem (9), eq. (2) may be written
Eq. (10) describes a random dynamical system, in the sense that although each child attains λ t+1 in adulthood with certainty, he or she can wind up in any of the states s t+1 ∈ {1, 2, 3, 4}
after reaching adulthood and forming a family. We assume henceforth that 2z(1) f (1) ≥ 1, so that unbounded growth in the absence of premature mortality is possible (Bell and Gersbach, 9 2001 ). The ensuing heterogeneity and its consequences for the system as a whole are quite complicated, but it will suffice from a policy perspective to focus on critical stationary states, which will now be introduced.
Mortality Shocks and Economic Collapse
The process by which the outbreak of an epidemic can lead to an economic collapse can be understood by examining an idealised initial state. At the start of period t = 0, a society of homogeneous two-parent families, each with adult human capital endowment 2λ 0 , is suddenly assailed by some fatal disease that afflicts young adults. Immediately after their children are born, they learn whether they are infected, and the survivors then choose
Children who are left as unsupported orphans (s 0 = 4) fall into the poverty trap at once. The assumption that altruism is not operative for Λ t = 2 also implies that e 0 t (2, 1) = 0 ∀t: even if both parents survive but have been orphans in childhood, they cannot afford to send their children to school. In the absence of support, therefore, all orphans fall into the poverty trap, and their succeeding lineage remains there.
In order to discover what happens to the rest, we introduce the critical value function λ * (s, p)
for stationary values of fertility and premature mortality: n t = n, ∀t and p t = p, ∀t. This is defined by:
where 
Hence, there is a poverty trap. For if human capital does start to decrease, it will eventually reach λ = 1, 5 which is a stable stationary state.
An increase in premature adult mortality increases λ * (s, p), s = 1, 2, 3. To be precise, we (Bell, Devarajan and Gersbach, 2003) . The first statement implies that an increase in premature adult mortality may cause a group that was earlier enjoying self-sustaining growth to fall into the poverty trap. The second implies that single-parent families need higher individual levels of human capital than two-parent families in order to escape the trap, so that an increase in premature adult mortality also increases the share of each generation that falls into the poverty trap by increasing the proportion of one-parent families.
A society that is assailed by such a disease over a long enough stretch of time and that is unable to make satisfactory arrangments for the care and support of orphans will descend progressively into the poverty trap. The sources of this collapse are threefold. First, if both parents die early, the transmission of knowledge across generations will be interrupted and the orphans will end up with minimal human capital. 6 Second, the loss of income due to disability and early death reduces the lifetime resources available to the family, which may well result in the children spending much less time (if any at all) at school. Finally, the chance that the children themselves will contract the disease in adulthood makes investment in their education less attractive, even when both parents themselves remain uninfected.
The Policy Problem

Rationale and Instruments
In the light of section 2, there is a clear and compelling rationale for public intervention, namely, to stave off possible economic collapse, with all of its baneful social and human consequences, which an epidemic like AIDS threatens to set in train. In order to draw up a plan of action, it is important to identify the main reasons why policy intervention is desirable in this setting. They involve different types of externalities. The first arises when the improvements in all future generations' welfare that would stem from a better education of today's children and from their good health in adulthood are not fully reflected in the preferences of today's parents, who are assumed to make the relevant decisions in the present.
If, as is arguable, the government has -or should have -a longer horizon than individual households, then the case for intervention to promote schooling at the expense of child labor and to lower premature adult mortality by combatting the disease is, in principle, established.
The second arises from the fact that communicable diseases have the character of a common property resource. The argument for intervention is reinforced when the disease reduces the returns to investment in human capital. Taken together, these arguments provide a strong justification for governments to promote education and to combat diseases, especially the communicable kind like AIDS, and to do so in a way that makes future policy credible.
There are three kinds of instruments available to the government to attain the broad objective of self-sustaining growth in a disease-ridden environment: (i) subsidies designed to encourage education; (ii) spending on measures to combat the spread of the disease and to treat those infected by it; and (iii) raising the taxes needed to finance these expenditures. The associated policies are now discussed in greater detail.
Education Policy
The direct promotion of education takes the form of subsidies to households. These are paid either as general transfers or, more efficiently, conditional on the children attending school.
They are financed by taxes on income, where it should be noted that a household's ability to pay depends on its state. For simplicity, therefore, we assume that the government can identify both a household and its state and that only the income of (healthy) adults is taxable. 7 In using the preceding model to analyse alternative policies, we assume constant fertility at the level n 0 in the first two generations. Hence,
Let τ t (Λ i t (s t )) denote the tax levied on household i in period t if it is in state s t . Some fraction of the population will be subsidized out of the ensuing revenues. Starting with general transfers, we denote by g i t (Λ i t (s t )) the subsidy household i will receive in period t in state s t , where subsidies should be interpreted in a broad sense; for instance, they may take the form of local infrastructure to support production.
Although the family chooses e i
t on the basis of its potential full income after tax, it is important to note that an increase in λ t not only enlarges the feasible set in the space of (c t , λ t+1 ), but also makes its upper boundary steeper. A decrease in the net tax burden, however, will simply shift the said boundary to the right. Note also that subsidization can be made dependent on income and the household's identity, i.e., on the index i. The household's optimal educational choice is therefore written as e i0
If, instead, subsidies are payable only on condition of school attendance, then household i's budget constraint becomes
where σ i t (Λ i t (s t )) is the subsidy payable to the family for each unit of time each child spends at school. Recall from (2) that the states s t = 2 and s t = 3 are identical in this respect.
Where ability to pay is concerned, we assume that there is a subsistence level c sub for each adult and βc sub for each child which must be ensured under all circumstances. Allowing for the possibility that not all households with the same characteristics will receive subsidies, household i's tax burden is therefore constrained by:
where it is assumed that all children work full-time when λ i t = 1 and the household receives no subsidies.
In order to enable an escape from what we have termed a general state of economic backwardness without outside help, we allow for some limited ability to pay whenever λ i t = 1. In particular, the tax schedule for single-parent households must fulfill the condition
where it is plausible that τ ba is small.
Turning to the formulation of educational policy, we denote by Λ a (s, p) the lowest level of a family's adult human capital in state s such that full education will be chosen for the children in the absence of any government intervention. λ a (s, p) denotes the corresponding adult's human capital, with Λ a (1, p) = 2λ a (1, p), and Λ a (s, p) = λ a (s, p) for s = 2, 3.
We make two assumptions regarding education policies. We assume that it is possible to subsidize uneducated parents such that their children overshoot λ a (1, 1) by enough to enable them to pay τ ba in taxes if premature mortality is expected to be wholly prevented, i.e. if p = 1. For this to hold, the educational technology must be sufficiently productive.
Assumption 1
There exists a positive, bounded subsidyḡ such that
Since it is the net income of the adults, α +ḡ − τ ba , that matters for the choice of education, e 0 is now written as a function of net income. Assumption 1 states that the combination 14 of the educational technology and the transmission factor z(2) is strong enough to yield a bounded transfer g (gross of the tax τ ba ) that will induce a single-parent family whose adult human capital is unity to choose an e 0 ∈ (0, 1] such that its children will attain the level of human capital λ a (1, 1) + τ ba /(2α). 8 Note that g is a gross subsidy, since the single-parent family pays taxes τ ba .
The assumption implies that two children whose parents have receivedḡ could pay at least τ ba , where they will form a two-parent family in adulthood while also choosing to educate their own children fully.
Secondly, we appeal to the existence of satisfactory institutional arrangements for the care and education of full orphans, whereby the cost per child may be larger than that corresponding to the family transfer g. The following assumption allows, in principle, a solution to this social problem if fiscal resources are large enough over some sequence of periods.
Assumption 2
By using a sufficient amount of resources, a full orphan can be supported in such a way that he/she will attain a level of human capital of at least λ a (1, 1) as an adult.
In order to complete the preliminaries, we introduce some additional notation. Let δ t ∈ [0, 1]
denote the share of all N t families that receive the gross subsidyḡ in period t.
Health Policy
Health policy takes the form of spending on measures to combat the disease. Here we distinguish not only between prevention and treatment, but also between expenditures that produce private and public goods. For some diseases, treatment may result in a complete cure. There is no such prospect for the victims of AIDS; but the treatment of opportunistic infections in the later stages and the use of highly active anti-retroviral therapies (HAART) can pro-long life and maintain productivity. In the present OLG setting, therefore, treatment may be thought of as reducing premature adult mortality in the probabilistic sense. The distinction between private and public goods is also an idealization, and a hard one to draw where communicable diseases are concerned. Regular exercise and a good diet, for example, will lower the chances of heart disease only among those individuals who take this prescription seriously. Staying at home when suffering from influenza, however, reduces one's chances of passing on infection to others. Large-scale public programs aimed at combatting the spread of communicable diseases yield benefits for all, and large externalities are present. Examples are public awareness campaigns and, in the case of AIDS, the provision of condoms at no charge. The public good nature of such health policies stems from the positive externalities that arise when other individuals benefit from the efforts of an individual to lower his or her risk of getting infected, or, if already infected, the risk of also infecting others.
Formulating the effects of health policy is fairly straightforward in the 'pure' cases, on which we focus. Let the probability that an adult in family i born in period t − 1 will survive into old age in period t be denoted by p i t . If spending on prevention, broadly construed, produces a purely private good for the individual in question, then
where h i t is the amount spent on the individual in question. We specialize p(h i t , ·) as follows.
Assumption 3
If spending on health produces a purely private good, then
The constant (p pr < 1) is the probability that an adult male or female will survive to old age if spending on him or her should fall belowh. Allowing spending in the amounth to eliminate the risk of premature mortality altogether is a convenient simplification.
An assumption about the incidence of the disease within the population is also needed.
Assumption 4
Premature mortality is independently and identically distributed across individuals. Hence, in the case of health production as a purely private good, we have
At the other extreme, let spending on prevention produce a pure public good, where it is quite possible that the size of the population may affect the efficacy of spending. Hence, we may write p t = p(η t , N t ) , where the measure of families in period t is N t , and η t denotes the level of spending per family. Recall that the measure of all families at the start of period 0 has been normalized to unity. Analogously to Assumption 3, we have
Assumption 5
Spending at least the aggregate amountηN t on public health in period t eliminates all premature mortality in that period; spending less has no effect and the level is exogenously given.
That is,
Of course, in most African countries eliminating all premature mortality is not possible.
The present assumption merely simplifies the exposition. At the cost of more notation and technical assumptions, our results can be extended to the case when public health reduces premature mortality to a certain extent.
As indicated above, the treatment of diseases prolongs productive life, even if no cure is available. When the disease is also communicable, substantial external benefits will often result. In the framework adopted here, the ensuing private and external benefits will be represented as stemming from a reduction in premature adult mortality.
The Efficacy of a Single Policy Instrument
We now turn to policy choices, whereby trade-offs depend, of course, on the objectives.
Three different objectives are important: fostering the growth of income through education, combatting the spread of the disease, and treating those infected by it. We concentrate wholly on the first two, which we subsume under the single objective of maximizing the size of the tax base, which is largely provided by healthy, educated adults, at some date in the future.
For this is vital to ensuring sustainable, long-term growth. In what follows, the future date is taken to be two generations after the outbreak (t = 2) as this will be sufficient to identify the relative performance of different policy approaches.
We assume that the initial configuration is one of a society in a state of general economic backwardness (λ 0 = 1). This choice renders irrelevant what level of mortality happened to rule before period 0.
It is useful to discuss briefly the consequences when the government intervenes in only one domain. Beginning with health policy, it is clear this alone does not foster education when parents are themselves uneducated, and thus will not promote human capital formation and income growth when all are uneducated. Hence, it will not be optimal to use health policy in isolation in period 0.
Turning to education policy, there are conditions under which concentrating resources on the promotion of education can yield sustainable growth of human capital at an asymptotically steady rate. 9 However, as we will see in the following, it is generally the case that allocating at least some resources to promoting health is advantageous.
Double-versus Single-Domain Targeting
In this section we investigate how fiscal resources should be allocated between education and health, and how these resources should be concentrated on subgroups of the population when both types of policies can be deployed. We treat the cases of private and public goods separately.
We concentrate on the following comparison of DT and ST when the society is initially in a state of economic backwardness. In period t = 0, one of the two schemes is put into effect.
Under DT, supported families will receive both the benefits of spending on health and transfers to promote education. Under ST, selected families will receive only educational support in the first phase, but on reaching adulthood, their children will obtain the benefits of specific health policies. In period t = 1, the scheme ST is completed for those families targeted in t = 0, whereas DT is applied to newly targeted families in the current generation under both schemes. In all subsequent periods, we assume that an optimal scheme is used, but without specifying precisely how it operates. This allows us to concentrate on the comparison of DT and ST over the first two periods.
Health Spending Produces a Private Good
Since the most general case is extremely complex, we confine ourselves to representative ones. Recalling Assumption 1 and Λ 0 (1) = 2, observe that ifḡ is paid to a two-parent family in period 0, then its children will attain
Denote byτ the largest amount of tax that a two-parent household formed by such children on reaching adulthood could pay, while still choosing e 0 = 1 if they expect that their children will be protected against premature mortality. It is clear thatτ ≥ τ ba , where the equality holds if, and only if, z(1) = z(2)/2 and e 0 (1, τ ba −ḡ, 2, 1) = 1.
We assume that all families are taxed in period t = 0, but only educated households in t = 1.
The following proposition states a sufficient condition for ranking the targeting schemes:
Proposition 1
Suppose a society in a state of economic backwardness faces the permanent mortality rate 1 − p pr from t = 0 onwards. Suppose also that Assumptions 1 to 4 hold and thatτ > 2h.
Then, in the setting described above, DT is superior to ST if
The proof is given in the Appendix. Observe that condition (18) Proposition 1 has an intuitive interpretation. The higher the costs of promoting education relative to those of reducing premature adult mortality, the more attractive is DT, since it is relatively cheap to prevent the early death of adults educated in period zero. If, conversely, the costs of preventing premature mortality are relatively high, it is more efficient to promote education alone.
Establishing the effect of the severity of the shock on the ranking of the schemes is generally more involved. In the caseτ = τ ba , however, we obtain a clear-cut result.
Corollary 1
Ifτ = τ ba , there exists a survival probabilityp pr ∈ (0, 1), implicitly given bŷ
such that DT is superior to ST if, and only if, p pr <p pr .
The proof of Corollary 1 is given in the Appendix. Corollary 1 implies that mortality above the threshold value 1 −p pr makes DT more attractive relative to ST. The reason is that high mortality makes educational support alone less attractive, because many of the children who 20 benefit will not survive early adulthood. If, however, the probability that adults will survive into old age is sufficiently high, then it is more effective to promote the formation of human capital in period 0.
It is obvious that our criterion for judging DT and ST neglects other important considerations.
In practice, two other criteria would surely come into play in the overall assessment. First,
ST spreads support -be it in the realm of health, education or both -more more widely than DT, which necessarily concentrates all resources on fewer households. Second, DT lowers the number of terminally ill people in period 0, and thus may be preferred on this ground alone.
Health Spending Produces a Public Good
When spending on health produces a public good, we also allow for aid from outside the system, as this may be important for the relative attractiveness of DT and ST. Hence, suppose that outside help in the amount of B 0 ≥ 0 is available in period t = 0. As before, we assume that all families are taxed in period t = 0, but only educated households in t = 1.
We then obtain:
Proposition 2
Suppose a society in a state of economic backwardness faces the permanent mortality rate 1 − p pu from t = 0 onwards. Suppose also that total fiscal resources in period 0, denoted by B 0 , exceedη, and that Assumptions 1, 2, 3 and 5 hold. Then DT is superior to ST if
The proof is given in the Appendix.
In the absence of outside aid, condition 20 can be reduced further to (1 − p pu ) 2 τ ba > η.
Hence, DT is then superior to ST if and only if
The intuition runs as follows: the more orphans the disease creates, the more attractive is DT; for under the above assumptions, DT eliminates the disease, and so preserves in period 1 all the investment in education in period 0. Foreign aid in period 0, when public funds are likely to be especially scarce, also works in favor of DT. This general conclusion provides a foundation for using health policy from the start in the formulation of good policy programs.
We consider once more the impact of the level of mortality on the relative attractiveness of DT and ST. We obtain, analogously to Corollary 1:
The proof of Corollary 2 is given in the Appendix. Corollary 2 implies that high mortality makes DT more attractive relative to ST, as intuition would suggest. An important implication of Corollary 2 is that more outside aid also makes DT more attractive relative to ST.
Conclusion
The purpose of this paper has been to analyze what we have called the macroeconomics of targeting in the context of an epidemic disease like HIV/AIDS, which causes heavy mortality among young adults. We have focused on a specific setup, in which the economy is initially in a stationary state of backwardness, while making a variety of other, deliberately chosen, simplifying assumptions. Numerous issues deserve further inquiry. For instance, the character of optimal targeting schemes strongly depends on the form and strength of aversion to inequality. If aversion to inequality in all forms is so extreme that all needy families must be treated equally, then neither policies to combat the disease nor those to foster human capital formation can be successful in bringing about sustained growth, even when spending on health produces a pure public good. Yet as the model exhibits a strong and inherent trade-off between growth and inequality in both domains, the awkward choices it poses can only be resolved within the society in question itself.
The solution to the targeting problem may have a quite different character when a growing 22 economy is hit by an epidemic shock. In such cases, single targeting with respect to health may be optimal, as it protects the lives of educated adults in the immediate aftermath as well as the future returns from human capital formation in their children. Finally, we emphasize once more the illustrative purpose of our simple model. It can, and should, be generalized to deal with more finely formulated aspects both of the epidemiological environment and of health and educational schemes, while paying careful attention to the empirical evidence in all areas. We hope that the present paper provides both a start in, and an impetus to, this line of research. = 1, 2, . . . , D t ) , in period t, whereby the nature and number of groups, D t , may vary across time depending on the interventions employed.
Double Targeting
In period t = 0, when N 0 = 1, let each of a group of families simultaneously receive health and education support of 2h andḡ, respectively, so that all the adults in question will survive to old age. The share of all families that can be supported in this way is given by
where B 0 = τ ba . In period t = 0, therefore, we obtain the following societal pattern:
• (2p − p 2 )(1 − δ 0 )n 0 children go uneducated, and attain a human capital level of 1 2 (1 − δ 0 )n 0 children are left as full orphans, who also attain unity
In period t = 1, the educated children marry among themselves and form δ 0 n 0 /2 families, each of which has n 1 children who reach, as adults, λ 1 2 = z(1) f (1) · 2λ 1 1 + 1 in period 2. All such families can payτ in taxes, provided they continue to receive health support in the amount ofh per adult. With the revenues B 1 = δ 0 n 0τ /2, the assumption thatτ > 2h implies that the government can afford to subsidize a further share of families, denoted by δ 1 , in the same manner as in period 0:
• (1 − p) 2 w 0 n 0 children are left as full orphans, who attain a human capital level of 1
• another (1 − p) 2 (1 − w 0 )n 0 children also become full orphans, attaining unity
• (2p − p 2 )(1 − w 0 )n 0 children have at least one parent, but receive no education, and so attain unity In period t = 1, the adults who were educated in period 0 can be taxed. Hence, tax revenues in period 1 will be
It may be possible to subsidize a further share, w 1 , of households, even while fully protecting those educated in period 0 against premature mortality in period 1. The budget constraint is
In period t = 1, we have therefore under ST three goups of educated children
• p 2 w 0 (n 0 /2)n 1 children reach, as adults,
• w 1 (n 0 /2) families receive subsidies, and their children reach, as adults, λ 3 2 = λ 1 1 .
Hence, the total taxable capacity is The term ζ(2) denotes the additional taxable capacity beyond τ ba + 2α. Note that ζ(2) ≤ ζ(1).
Note that the share of families newly subsidized in t = 1 receive support in both domains and are therefore doubly targeted. This makes both systems comparable. 10 From t = 2 onwards, the society operates under the same optimal program as under DT.
Comparison
We begin by noting that z (1) From (21) and (23), we know that
It follows that δ 0 − (2p − p 2 )w 0 > 0 if and only if
From (22) - (24), some manipulation reveals that (δ 0 + δ 1 ) − ((2p − p 2 )w 0 + w 1 ) > 0 is equivalent tō
Now the expression in brackets on the LHS of this inequality is greater than that in brackets on the RHS for all p ∈ (0, 1) ifτ > τ ba ; the expressions are equal ifτ = τ ba . It follows that the inequality holds ifḡ/(ḡ + 2h) > p(2 − p) or, equivalently,
Hence, if (25) holds, DT is superior over ST. Observe that if τ = τ ba , then the said condition (25) is also necessary for the superiority of DT.
Proof of Corollary 1:
From proposition 1,τ = τ ba implies thatḡ Some tedious manipulation reveals that this condition can be written as
and sinceτ ≥ τ ba , it follows thatη
On the other hand, we have δ 0 − (2p − p 2 )w 0 > 0 if, and only if
so if (27) is fullfilled, the condition (26) holds automatically. This establishes the result.
Proof of Corollary 2:
The condition τ ba + B 0 = and DT is superior to ST if p pu <p pu .
